Background There is ongoing debate concerning the best method of femoral fixation in older patients receiving primary THA. Clinical studies have shown high survivorship for cemented and cementless femoral stems. Arthroplasty registry studies, however, have universally shown that cementless stems are associated with a higher rate of revision in this patient population. It is unclear if the difference in revision rate is a reflection of the range of implants being used for these procedures rather than the mode of fixation.
survivorship than one of the three best-performing cementless stems? (3) Do these findings change when evaluated by patient sex? Methods The Australian Orthopaedic Association National Joint Replacement Registry data were used to identify the best three cemented and the best three cementless femoral stems. The criteria for selection were the lowest 10-year revision rate and use in > 1000 procedures in this age group of patients regardless of primary diagnosis. The outcome measure was time to first revision using Kaplan-Meier estimates of survivorship. Comparisons were made for THAs done for any reason and then specifically for OA and femoral neck fracture separately. Results Overall, the cumulative percent revision in the first 3 months postoperatively was lower among those treated with one of the three best-performing cemented stems than those treated with one of the three bestperforming cementless stems (hazard ratio [HR] for best three cementless versus best three cemented = 3.47 [95% confidence interval {CI}, 1.60-7.53], p = 0.001). Early revision was 9.14 times more common in the best three cementless stems than in the best three cemented stems (95% CI, 5.54-15.06, p = 0.001). Likewise, among patients with OA and femoral neck fracture, the cumulative percent revision was consistently higher at 1 month postoperatively among those treated with one of the three best-performing cementless stems than those treated with one of the three best-performing cementless stems (OA: HR for best three cementless versus best three cemented = 8.82 [95% CI, 5.08- 15 .31], p < 0.001; hip fracture: HR for best 3 cementless versus best three cemented = 27.78 [95% CI, 1.39-143.3], p < 0.001). Overall, the cumulative percent revision was lower in the three best cemented stem group than the three best cementless stem group for both males and females at 1 month postoperatively (male: Conclusions Cementless femoral stem fixation in patients 75 years or older is associated with a higher early rate of revision, even when only the best-performing prostheses used in patients in this age group were compared. Based on this review of registry data, it would seem important to ensure the proper training of contemporary cementing techniques for the next generation of arthroplasty surgeons so they are able to use this option when required. However, the absence of a difference in the two groups undergoing THA after 3 months suggests that there can be a role for cementless implants in selected cases, depending on the surgeon's expertise and the quality and shape of the proximal femoral bone. Level of Evidence Level III, therapeutic study.
Introduction
Cementless femoral components were introduced in an effort to avert the high rates of loosening and osteolysis reported with cemented femoral components using early cementing techniques [10] . However, cementless femoral components did not eliminate either of these complications and improvements in cementing techniques have resulted in significantly longer survivorship of cemented implants [11] [12] [13] . As a result, the decade of the 1980s was considered by many hip surgeons to be the decade of cement versus cementless THA [7] . Since then, the implant designs and fixation strategies have varied widely between countries. Recent reports consistently show lower revision rates for cemented stems [5, 6, 15, 17] . Despite these welldocumented and publicized results, cementless fixation use for the oldest age group has continued to increase in many countries [9, 24] .
The recent Australian Orthopaedic Association National Joint Replacement Registry (AOANJRR) annual report indicated that in patients 75 years or older, cementless stem fixation had a higher rate of revision compared with cemented stem fixation and that this difference varied with time [3] . However, these data represented pooling of 167 cementless and 89 cemented stems. Thus, it is possible that the poorer results seen with cementless stems may simply represent the number, volume, and performance of the individual stems used rather than the mode of fixation [1] . These differences in stem performance cast doubt on the reason why the AOANJRR and other registry results show that patients older than 75 years with cemented stems have a lower risk of revision [5, 6, 15, 17, 24] .
We therefore explored the AOANJRR data to discern which stems provided the best long-term results, defined as the lowest cumulative percent revision at 10 years. We aimed to answer the following questions: (1) Is the risk of revision higher in patients older than 75 years of age who receive one of the three cementless stems with the highest overall survivorship in the registry than in those of that age who received one of the three best-performing cemented stems? If so, is there a difference in risk of early revision versus late revision, defined as revision within 1 month after index surgery? (2) Are there any diagnoses (such as osteoarthritis [OA] or femoral neck hip fracture) in which the three bestperforming cementless stems had better survivorship than one of the three best-performing cementless stems? (3) Do these findings change when evaluated by patient sex?
Patients and Methods
At our request, the AOANJRR approved and performed an analysis comparing the best three cemented femoral stems [3] . The registry includes > 98% of joint replacement procedures undertaken in Australia [3] . On initial submission of forms from participating hospitals, the registry's capture rate is 95.9%. After verification against health department data, checking of unmatched data, and subsequent retrieval of unreported procedures, the registry is able to obtain an almost complete data set relating to hip replacement in Australia.
The AOANJRR identified 89 different cemented femoral stems used during the study period. The three stems in common use with the lowest risk of revision at 10 years were the polished, tapered MS-30 ® stem (Zimmer-Biomet, Warsaw, IN, USA), the composite I beam Omnifit ® stem (Stryker, Mahwah, NJ, USA), and the polished, tapered Exeter V40 TM (Stryker) stem. The cumulative revision rate of these three femoral stems ranged from 4% to 5% at 10 years. These cemented stems were used in 31,635 cases and represent 56% of all the surgeries with a cemented stem during this time. There were 167 cementless femoral stems used and the three best were the proximally porous-coated, double wedge Synergy TM stem (Smith & Nephew, London, UK), the proximally hydroxyapatite-coated, tapered round Secur-Fit TM stem (Stryker), and the tapered rectangular SL-Plus TM (Smith & Nephew). The cumulative revision rate of these three stems ranged from 4.5% to 6.1% at 10 years. They were used in 5023 cases (14%). The primary diagnosis was OA in 31,150 cases with 26,627 (86%) being in the cemented group and 4523 (14%) in the cementless group. In patients whose primary diagnosis was OA, 65% were female in the best three cemented femoral stem group and 54% were female in the best three cementless femoral stem group. THAs were performed for a femoral neck fracture in 3337 cases with the majority being cemented (92%). One of the three best cementless stems was used in 74 of the 819 THAs in men and 206 of the 2518 THAs in females with a femoral neck fracture.
The CPR of the combined results of the three bestperforming prostheses for each fixation type was calculated using the Kaplan-Meier estimates of survivorship. Isolated acetabular revisions were excluded from the analysis. The 95% confidence interval (CI) was calculated using pointwise Greenwood estimates. The CPR analysis was determined for all diagnoses, for primary OA, and for femoral neck fracture. Hazard ratios (HRs) from Cox proportional hazard models, adjusted for age and sex, were used to compare the combined rate of revision of the best three femoral stems in the corresponding group. HRs were determined for the first month postoperatively and over the entire followup period. All statistical tests were two-tailed at the 5% level of significance. A secondary analysis was done to evaluate the CPR of primary total conventional hip replacement in patients 75 years or older by femoral stem fixation and sex.
Results
In aggregate, among patients older than 75 years of age, the CPR in the first 3 months postoperatively was lower among those treated with one of the three best-performing cemented stems than those treated with one of the three best-performing cementless stems (HR for best three cementless versus best three cemented = 3.47 [95% CI, 1.60-7.53], p = 0.001; Fig. 1 ). Early revision was 9.14 times more common in the best three cementless stems than in the best three cemented stems (95% CI, 5.54-15.06, p = 0.001). In the entire cohort (Fig. 2) , revision surgery for fracture and loosening in the best three cementless stems was at least double that for the best three cemented stems (Table 1) . There was no difference in the CPR between the two stem fixation groups at any time after 3 months up to the final followup at 13 years (cemented CPR = 2.2%, cementless CPR = 3.7%, HR = 1.08 [95% CI, 0.80-1.46], p = 0.615).
Likewise, among patients with OA ( Fig. 3 ) and femoral neck fracture (Fig. 4) who were older than 75 years of age, the CPR was consistently higher at 1 month postoperatively among those treated with one of the three bestperforming cementless stems than those treated with one of the three best-performing cementless stems (OA: HR for best three cementless versus best three cemented = 8.82 [95% CI, 5.08-15.31], p < 0.001; hip fracture: HR for best three cementless versus best three cemented = 27.78 [95% CI, 1.39-143.3], p < 0.001). This difference was maintained for the first 3 months in the patients with OA (HR for best three cementless versus best three cemented = 3.31 [95% CI, 1.39-7.90], p < 0.006), but not in patients undergoing THA for a fracture of the femoral neck. The higher early CPR rate with the cementless stems in OA (Fig. 5) was the result of the higher revisions for fracture and loosening (Table 2) , whereas fracture, loosening, and dislocation resulted in a higher CPR in femoral neck fractures treated with THA (Table 3) . There was no difference in the CPR between the two stem fixation groups used to treat OA or a femoral neck fracture at final followup (OA at 13 years: cemented CPR = 2.0%, cementless CPR = 3.7%, HR = 1. (Fig. 6) . For a THA with one of the best three cementless stems, males had a lower CPR than females at all time periods (HR at 13 years = 1.78 [95% CI, 1.10-2.88], p = 0.019; male CPR = 2.8, female CPR = 4.3). However, the CPR for a THA with one of the best three cemented stems was lower in females than in males at all time periods (HR at 13 years = 2.09 [95% CI, 1.66-2.62], p < 0.001; male CPR = 2.9, female CPR = 1.8). Comparable findings were noted in those patients who underwent THA for the diagnosis of OA (Fig. 7) .
Discussion
Registry data have consistently found lower revision rates for cemented stems than cementless stems in patients older than 75 years of age undergoing primary THA [24] . However, it is clear that not all implants are of equal reliability. As a result, the registry data reflect a combination of both well-and poor-performing implants, in which the volume and number of poor-performing implants can significantly skew the outcomes. In this registry study of patients older than 75 years of age undergoing primary THA, we compared the three best-performing cemented and cementless femoral stems in the AOANJRR. This approach allowed us to eliminate the potential confounding effect of a large number of stems with poor performance and focus primarily on the effect of the mode of femoral stem fixation on revision rates. Using this methodology, we found that overall, the CPR was lower among those treated with one of the three best-performing cemented stems than those treated with one of the three best-performing cementless stems for only the first 3 months postoperatively, after which there was no difference in the CPR. In patients with a diagnosis of a femoral neck fracture, the lower CPR was seen in the first month and in OA, it was seen in the first 3 months, independent of the patient's sex. This study has several limitations. First, the endpoint is revision and therefore does not include other postoperative Percent primaries revised: this shows the proportional contribution of each revision diagnosis as a percentage of the total number of primary procedures; this percentage can be used to approximate the risk of being revised for that diagnosis; differing percentages between groups, with the same distribution of followup, may identify problems of concern; percent revisions: the number of revisions for each diagnosis is expressed as a percentage of the total number of revisions; his shows the distribution of reasons for revision within a group but cannot be used as a comparison between groups. problems including radiographically loose prostheses that have not been revised. This may have its greatest effect in the cementless group for femoral neck fracture, where frail, elderly, and sick patients may not be medically well enough to have revision surgery for a loose cementless femoral stem. It is not possible to estimate the effect that this may have had on the overall data. Second, the data are not controlled for patient, surgeon, and hospital factors that are known to affect revision rates after THA [11, 21, 25] . However, registry data are reflective of the general health care of the country because it includes population-level data from a large number of patients, from surgeons with all levels of experience, and with practically no exclusions. Third, the AOANJRR reports loosening and fracture rates for THA, which includes the femoral and the acetabular components. However, in this study, we were able to exclude all revisions related solely to the acetabulum. Ideally, the cementless and cemented femoral stems would be matched with the same cementless cup. This was not done in this study so that the number of patients would not be severely limited. By eliminating all revisions related directly to the acetabular component, this limitation has been minimized. Finally, these registry data provide a national overview of the risk of revision by mode of fixation in patients 75 years or older, but it may not be a valid measure of revision rates that can be obtained in expert single centers. Recently, Troelsen et al. [24] analyzed the annual reports of hip arthroplasty registries and have questioned the paradox of the increasing use of cementless femoral components in older patients in light of their inferior registry results compared with cemented components. In all four of the registries that provided age-stratified risk estimates of revision when comparing THA with different fixation techniques (Australia, Denmark, England-Wales, and New Zealand), cemented fixation resulted in statistically significantly lower revision rates than uncemented fixation in the oldest age groups (> 75 years; except England-Wales, > 65 years). However, raw data from the registries cannot be assessed, thereby preventing supplemental analysis, to clarify any confounders that may have led to their findings. In particular, the registries do not follow specific implant designs to observe their performance individually. By comparing the three bestperforming cementless stems with the three bestperforming cemented stems, we eliminated the potential influence of implant design. In this study, cemented stems had a lower risk of revision than cementless stems only in the first 3 months postoperatively and then demonstrated no difference in the CPR up to 13 years after the primary THA. These early revisions were mainly attributable to the risk of having revision for fracture or loosening being at least double that in the cementless group compared with the cemented group. Therefore, by selecting cementless and cemented implants with similar 10-year survivorship, this AOANJRR study contradicts the previous registry analysis by Troelsen and demonstrates that after an early increased failure rate of cementless implants, the long-term 
Percent primaries revised: this shows the proportional contribution of each revision diagnosis as a percentage of the total number of primary procedures; this percentage can be used to approximate the risk of being revised for that diagnosis; differing percentages between groups, with the same distribution of followup, may identify problems of concern; percent revisions: the number of revisions for each diagnosis is expressed as a percentage of the total number of revisions; this shows the distribution of reasons for revision within a group but cannot be used as a comparison between groups. Percent primaries revised: this shows the proportional contribution of each revision diagnosis as a percentage of the total number of primary procedures; this percentage can be used to approximate the risk of being revised for that diagnosis; differing percentages between groups, with the same distribution of followup, may identify problems of concern; percent revisions: the number of revisions for each diagnosis is expressed as a percentage of the total number of revisions; this shows the distribution of reasons for revision within a group but cannot be used as a comparison between groups.
cumulative revision rate of cementless stems is no different than that of cemented stems in patients older than 75 years of age.
In femoral neck fractures, the CPR was consistently higher at 1 month postoperatively among those treated with one of the three best-performing cementless stems than those treated with one of the three best-performing cementless stems. The early failures in the cementless group were mainly a result of the increase in the revision rate for fracture, loosening, and dislocation compared with the cemented group. This is not unexpected because hip fractures are osteoporotic fractures and older age is a surrogate for proximal femoral bone quality and morphologic features. Osteoporotic bones are very brittle and much more susceptible to intraoperative fracture than normal bone, although biomechanical studies have shown a protective effect of cement in terms of load to failure in osteoporotic bones [16, 23] . Proximally coated cementless stems place increased stresses on the proximal femur and increase the risk of fracture. Therefore, it is not surprising that in the older patients investigated in our study, the fracture rate resulting in early revision in the cementless group was at least double that seen in the cemented group for femoral neck fracture. However, the absence of a difference in the two groups in this study undergoing THA for all diagnoses after 3 months suggests that there can be a role for cementless implants in selected cases, depending on the surgeon's expertise and the quality and shape of the proximal femoral bone. Nonetheless, in patients with severe proximal femoral osteoporosis, the surgeon who is unfamiliar with the nuances of a particular cementless stem probably is better off using cemented fixation to achieve stem stability and to reduce the risk of fracture and loosening.
This study demonstrated that sex did influence the CPR of cementless stems. Specifically, males with a THA had a lower CPR than females at all time periods. This correlates with the anatomic changes that occur in each sex with age. The shape and bone mass of the osteoporotic proximal femur is different than that of the nonosteoporotic femur and these changes are age-and sex-specific [22] . In males, there are substantial changes in the femoral neck, but there is no change in shaft cortical thickness or medullary width with age [19, 20] . In females, there is no change in the metaphyseal width, but there is thinning of the diaphyseal cortices and expansion of the canal resulting in a decrease in the canal flare index [8] . A Dorr Type C stovepipe femur is consistent with severe osteoporosis, and this shape makes it more difficult to obtain cementless stem fixation. A radiostereometric analysis study that evaluated patients with severe osteoporosis undergoing cementless hip replacement found that the cementless stems had a higher subsidence of the stem during the first 3 months after surgery [2] . Aro et al. [2] concluded that a low bone mineral density, changes in intraosseous dimensions of the proximal femur, and aging adversely affected initial stability and delayed osseointegration of cementless stems in females. Like their study, the registry data in our study indicate that during the early postoperative period, there is a high rate of loosening with cementless stems in patients 75 years or older. We found the revision rate for loosening in the cementless group was four times that of the cemented group during the first 3 months postoperatively in patients with all diagnoses and during the first month in patients with a femoral neck fracture, respectively.
Although the majority of femoral stems used in some parts of the world are cementless and their use throughout the world continues to increase [9, 24] , it is apparent from this study that surgeons performing arthroplasties need to be able to cement a femoral stem to achieve the highest possible survivorship in patients 75 years or older [4, 18] . The results of cemented femoral stems are technique- dependent and a constellation of surgical techniques can help surgeons consistently provide a high-quality cement mantle around a femoral stem [7] . We believe that as the use of cementless femoral implants has increased, it has resulted in decreased training of residents or registrars in proper cementing techniques. Based on this review of registry data and our knowledge of the morphologic features and biomechanical properties of older bone, it would seem important to ensure the proper training of contemporary cementing techniques for the next generation of arthroplasty surgeons so they are able to use this option when required. Cementless femoral stem fixation in older patients has a higher earlier rate of revision when only the best-performing prostheses in this age group are compared. Implant choice alone is not responsible for these findings and clearly indicates that the mode of fixation has a substantial effect on the rate of revision in this age group.
However, the absence of a difference in the two groups undergoing THA after 3 months suggests that there can be a role for cementless implants in selected cases, depending on the surgeon's expertise and the quality and shape of the proximal femoral bone.
